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HffiMftalU] 

hh^u^-i yVTsfru Y<iV*y- 

[18*^2] E^JS^2(C^$n^>- 2 4#g~+4 
9 l*B<D75yBEWft:3-HT*JfiaEato>&J* 

t hJbflf7;^S>^uyDEy8*3-H"f*DN 

[!!£« 3 ] ttGtt&E£ltfE3l«4t 2 5 n* 1 
SB-l 5 4 5#g©EWjfc&rt*Z£ft4*«£f 

#^2?s«oaiejsfeTo 
cr*^ 5 ] m&m 4 e»©«s^^ 

[H£3 7 ] 1 - 3 ©^r*l*>-JBfcE*©ig 

[■ah 8 ] i - 3 ©^>m^-«fcE«oit 

*±*«rE«a^^*-T»RtJ(lLT»lltai#* 

«FEa*^.th^n-r>f>i;x;P7^ rWy*5-if£ 

7 * - IC «fc t> T^KHJRI-^ C £ fc -r -6 8 
E»G)2rfc 

[§t#H i o ] m*m 7-9 ov>-r n*-*icE«© 

4 9 l#S©75yeE»^lMth^Pf^ 

[■$« 1 1 ] *^s^ifig^a*3i i - 3 ©urn** 
-«KE«o»isafi?t±a*BtttT*#u^^ 

[■** 1 2] »KCttfMtJBHGM«Tft&ll« 

hi isao^eft«: 0 



(2) &RW6-3 877 1 

* 

[h#h 1 4 ] m#m ii-i3 ©v>rn^-«icE 

**U*:/yF®«»Wfc. 
&*M$H14EftO#&. 
iO [0 0 0 1] 

* h< y^»-«ft3-H-r*«ew)jwKBir*; 

[0002] 

[«£#©&«] ]n vnro_TO^ttge©cDII««(Ref 
olding) £»©tS*<fcD, #U^K©7*-J^ 

en (Freedraan, CeH 57, 1069-1072, 1989;Fisher & 
Schmid, Biochemistry 29. 2205-2212,1990) , 7*— 

*£LT, «#fctt, ^f^ng;^xh7>X 
*V**— (PPD sk tt*Ctt:/n?*f>y;UP 
7-f F-fy*5-- K (PDI) i^a-l/F+S^fc&W 
S^ffl^nT^*. In vitro OXKTlt. ctizon 

30 tu ae^x^wfcfeMisn&^sttaejioin vitr 

0_T©H»j«^O«ffl3fti*A6nTViS (Schein, Bio 
/ Technology _7, 1141-1148, 1989 ; »KmH, B*S 
64, 1035-1038, 1990) . 
[0 0 0 3] PD 1 14, pISST, «aSOlFB^6Jt 

0£&E£ettKU B&J«lta?X/k7<r F«S<&© 
• g&ffc • fc* V>teg5c£fT5 C £3^T** (Free 
dman, CeU. 57, 1069-1072, 1989) . P D I In vitr 
40 o Ttt RNasefeC©*— H^-f >*6ft*»a«^ JtL 

^> (Freedman, Nature 329 , 196, 1987). 
[0 0 0 4] mUHAXOPDItt. S«^SJKJ5^ 

L, *fe»TBtt*©Blip Itt (Pi 4.2-4.3 ) 
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[0 0 0 5] vv hOffFBtefeOPD Ifc^T, -£co 

7^/KK^j#ii££n, pd i3jt2a«<D«wtt*fi 
©75/KEWfcffiWtt««ft-6^t*tfiv>fflan, sua 

<0JStt«tt75/KE^JSI*oa:**.6nTViS (Edma 
d et al., Nature317 , 267-270, 1985). S^l/F* 
v>WU ]n vivoT^f U ><Di?X)Vyj PJ6-&& 
5l7cL*:9, RNase OSJJUl^ F«£®£aJE«£{E 
in vivpT(D££®07*-;i,7V 
>^j§gTPD I t^fflf^tSCt^SnT 
V><5 (Pigict & Schuster, Proc. Natl . Acad . Sci . 
USA 83, 7643-7647, 1986)„ 

[0 0 0 6] PD I 0>±«:rtT©#*E«»i, maOS^ 
*MB<D#fca»«>av>fcJ:t>T*fc**«, £<D£fc 

a^tir^^/htefrrtaicPD i^asjcjiftifcbT^ 

5CtJ5:i>e>, fflfirtKSVrcfcPDIj^ £rL<<& 

ffVi, EOllfc PD I *ftV«Lfc^B#»H«»T7tt 

AttBfc A/ PDI£Jn;L*£:, i^XJW? 

*1TV>£ (Bulleid & Freedman, Nature , 335 649-65 
1, 1988) „ 

[0 0 0 7] PD I fcOHTtt, *J7s)V74 m&<DM 

HtooTV>*K»#a&nTV>*. «AB. PDIlt 
7d 3 7-Y ><d?u u >a*ft*aflrt-*yn u 
4 -/vf Hd*">^— tflDj»«ta.-y hT?**fl-9-^a. 

«S:#llDSns^^ HO^^ACM Asn-X-Ser/Thr 
&B»-rs^U3^;WbSB&S^Saa(Pihlajaniemi 
et al., EMBO _J. J>, 643-649 1987 ; Gee tha-Habib e 
t al., CeH 54, 1053-1060 1988) , ZblZ&ft, *F 
«B*;l^E > ( t r i i odo-L- 1 hyr on i ne b i nd i ng 
prote in) (Cheng et aj_. J. Biol . Cbem . 262 . 11221- 

ii227 f mnteZtom-te&Tjkzn* pdi^i 
tizommztn^ pd i^tiagfcssH^aTfc* 

%A&ftTV>*75yBEHfc«Htt#**Eai** 

Ztlfcyx 1 ) hatrXFoili tropin) ^hntf> au 
tropin) >5:t*Ott^$ga^;«>^>(Boniface & Reicbe 



(3) »»¥6-3 8 7 7 1 

rt et ah. Science 247 , 61-64, 1990), ^77 
J is h-JK 5-tfX^X7x-f h^l,2-v7-> 

;PifU -feo-;i/t*f / > h-;n, 4, 5- h u *X7 x- h 

(Bennettet al., Nature 334 , 268-270, 1988 ) , 

pdi^pdi &itt<Dm&to&-?<D%t>isbxa;nfc± 

[0008] a±©±3K:iE«ft»*3jt*aatiTVi« 
jo *t % p D io^amtt^rtxiw^Boy^^-r 
H»£©*ttfc*jwnu ^&<DX%a&eft?&9& 

ftvTmwzvxjvyj Fa-&&*rr*»e*©»jK0 

S-Ctt, ^;P7^Fffl7C»*tUT^*WF*^-» 

*fttr««, ttv\**^>\*vx)vyjYmmmtL 

m&zwmmz*KTi?z)iy4 F*tt<bs*b&^ 
x;w7^ Fa*»tt3Wiv^t*«^a4n«^ sbk 

7y h(Oa>«r(omaoffi^M3S:PD I mRNA^SOit 
» tt (ffFB>8*K> WB>»>Sm, *■>&■>■*> 
IS) a>5£CD££ata<^8$nT^£ (Edman N 
ature 314, 267-270, 1985) . 

[0009] fi7c;£nfc*B©a«atsa»&rt 

?<Dft®\Z&&tt<ftZz/X)Vyj F&£ti>7gj&i*iBft 

<ko^/S«:%x.Si:, Ka£ttaB&Xa£ttflBT 
14, yXJl.7^ Fa&W«fcBfo*H^t*n*pJttlC 

itikttwxjiyj m&om&**z.tohitzimifi 
*v>tL#>\z\t. e^tffiBrtoaa (2Mn>/t 

[ooio] cne=it>(OjStta»^DNAsassffl^ 
so x. i?x)\,y* paft««r«aaa«a*j:<B£« 
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[0 0 11] LfrLfc&i* ^££T]n vivoCD^T^ 
[0 0 12] 

[58W^i»*LJ:5i:t-*BHjSa In vitro T^tt 

^S^l^nEmn-FTSDNAiibhPD I 

S6»a^*21fcfcJ:SaaiAthPDia)ttl3EfttJfctf # 
&&3.PD I «««r*Ci:*BWi-r*. 
[0 0 14] S6fc3;fc, *JMtt, *f£8FJffifeBfli 

thPDI RlWM9ifirrft*»as** C t fc 

[00 15] 

[0 0 16] RTfc^HOBBfcKWT*. 

[0 0 17] kh^DH >vx;V7-r MV*9— K 

(protein disulphide i some rase ; Tpd Ij £B§$rt~ 
5) cDNA£3-Hn^Q->H bHffBAgtll 

cDNAM^>U-Wt hfl&fiAgtll cDNA7^ 
^9U- (Clontechtt) ^6A©«t5lcLT»B*n ^ 

So 

[0 0 18] bhlfrKRtfbhfefiAgtll cDNA7< 
^9U-**BBK7r-y«»a«, BBS*. 7 7 

> 4-*KflS»?& (PD I ^H-* W*X) cDNA 
[Piblajanienii.T. £ (1987) EMBO J. _6, 643]© 243 
»B0>& 282#B©tttEW©»li«fc»J6^*40 mer 

©7r-vDNA£EcoRI tIMfcU *§e>n*:£fl50 bp© 
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-f >*- HDNAfcPDI cDNAX^y-->^ffl^n-^ 
fc±E7r-^DNAfex^U--^LT, Bitten 

[0019] £(d&o\z &nfcttR©»tt£ u- 

>£EcoRI BftUTEcoRI -f >*- hDNABfrfeW 

ritU PihUJaDicnii 6fc**iHKBB»Bi:a:lftUfctt 
X. SFBE*©^D->(pHPDI16) £Jfcfi**<D£n- 
>(pHPDIp4) tThhPDI cDNACD±g^*A-L 

[0 0 2 0] i^D->©DNA£gEM£ft£bfc«S 

WttEW##lfc*-rt*0-C*ofc. em** 

Asp 1 #6 Leu 491 CO 491fl©75yB*>S 
BrtSnT^«fc#*6n, Asp 1 fcjHW*17B©7 
* y B» 6**^^ *\%i/>f't)V*W H t«to UT 

[0 0 2 11 *^1 PD I «M -B£S*«fe* 

©> bhjfiifl!7;^^>ae : f7 r ^yDEMS3-H"r 
^DNAtgaiabhPDi ae* t fr*>&zmm&&? 

[0 0 2 2] BBtiaterti. «*li»iBC 
SC'MPD iBfi^<D±»fctt:/l/:/DEJB*3-- 
H-TSDNA^ES^^iltlCi:«DT^S$n#S. 

bu khp.DiMfla3>/t-h/>h om»t 
**snrv>*) ^Ba-r*&»©y-y-EwtLT 
«b hiM?S7;i'^s>oywyDE^Jicia^"rs^« 

[0 0 2 3] JMfrWtCtt* $im?U-> pflPDI16Ktf P 
EPDIp4 DNA£> **EcoRI/PstI, Pstl/BanflnriSflsU 
#)490bp R«ttl.3kbp©DNA>rfrS#* ffiSrfr£EcoR 
1/BamHI Bft^XS F^**--pUC119l;:M6l> (pnPD 
IEB), Kunkelft [Xunkel.T.A. (1985)Proc. Natl. Acad. S 
ci. USA 82. 488 ] KJzD cDNA±©PD I Irtf+ft 
EWtPD I**t©«»»»lC«H»BHBeI«B«tt 
£*SAL(phPDlNae)* Nael/Hind III ^{k«C«fcDPDI 
^^;PE50***ft^»1.7kb OPDI DNA »rtf-£# 
S. 

[0 0 24] 

— pUC119£EcoRI iiiffcU ^nilXhoIU>*-: 
5 ' -AATTCTCGAG 
GAGCTCTTAA- 5 ' 

^Steb, Xhol/BamHlSfl:b, dWCb hjfa»7^5 
> (HT THSAJ tSSSiTS) ^1/^DEM^aiSL 
(pUC 119 Sig) , Stul/Hind III ffi<tU3.2kb (DDNA 
1 gT)t$:#S (HSA^l/yDEW©-&flEtfettaS8<Z>SBB 
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ffflZTfiZtlZ) . 
[0 0 2 5J pbPDINaefS*©1.7kb DNA BiJtipUC 119 
Sig [&3fe©3.2kb DNA trtt-£SilSUphPDILyl), EcoRI 
mtt. KlenoT»rn-|X«k-5¥m^ BamHI iBflSfcJg&frt) 

(Jg2E) . U -^-E?l&XSI©il*£a£^£#S £ 

[0026] *$ew©aisae^©^si^iSRTj:^©« 

&<. PD I SrS^^SIg^^-r^fcODli^Ta 

[0 0 2 7] E?J#^2l^$n4-2 
4#B~+4 9 1#B<D75/8E5!JS:3-Ff 

E^j^e^sssieae^s^-rs. ;:©«-&> n© 

t5^3- H©«8S>cScJ< gE&gE^SSSttfcAT* 
589liKS#3n*. *SW©£J61i«l::.fci!K 
#?S93ttE?U#*t 2 iZ7K2ftZ>±&3&mfre>l£Z&M 

[0 0 2 8] *55WB$^IC *«M*iH»e ; f-**£ 

[0 0 2 9] #&WateB^£ffl*&tJfc«>©^? 

snfcWu^RtfffifPEMs^tr^**-**, 
nfc«BafT©ssss«*^igic-r?.-7-*-E^t 

[0 0 3 0] ^fE^coaS^i'^-^S-rsft:*©^ 
^-.hLTtt. WA«*t«SAlC«k5^S¥ 2-1173 
84^aiCH^<Dy7X5 H pJDB-ADB-HSA-A ($10 
-C#B8) tftefflSft*. II©:/5X5 FteHSA cDNAS 
£fc»#7Jlo-;Pxfc HD^t- tfl (ADH 
I) yat-?-, ADH^-S*-^-, 7>bT->U 
>Sfttae^(Amp' ) , RtfLeitfa&^fc-tAyTV^. 
-£■©£». £©:/5X$F£, XhoIiBfcU KlenowlgrH" 
t<t0¥»b. BamHI ^HfcLTHSA cDNA£Rfc£-t3. # 
e,nfc*?l8kb DNA »rtf-©5 ' JS£K'J >&fcLfc&, Itl 
3$©*fS93aiga^£&«rrsC£K£>K 

F(pAHbPDILyl) £#5 &%5>^. * 

5893©aigae7 *ss3is -ens ^©«fg&n-t c t 

[0 0 3 1] *^«3 6>lw. *^©5ES^^-T 
[0 0 3 2] 1f££bTfcL *KB. tt?S*t*©ilS 

I4BST»5. g±BStL/Ttt, Saccharonyces ce 
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revisiae% rit#tfsn. *«W©^S<Eft»©f^SIC* 
fcoTtt1$lcB#AH22**W3iJCffiffl$nS. #5691 
©*Safl-T*Stf. »SEtfl©3l8ffl]& (flAtf, Mb 

hub) fcH±£UTffifflL#*cttee?rc»;55. *i 

m^7LS&i:lC«tO«aiC^SSSn#2.. BW© 
J^Sea^tt. SSH^^-tfpAHhPDILyl©^, #S 
ifl ft&®<*:£ S D (-Leu) 7U- h -hTi&^-r 5 £ t \Z J; ^ 

[0 0 3 3] «£t»T, ±*&©«fc5l::UT 

z>~t \z ± a thPDi ©sja^ftsgft-r «». 
*«^©^«ii««t«kti«» *«^©saa^s«wT«i 

[0034] n*. *»w»*«e^*»±iTc»sia 

SltK&#£««LTiia&At hPD i sr^»s-e*ati 

[0 0 3 5] 1t±tbT»S^ffl^S«-&K;«, kFP 

thPDiAiae^*«ii:bT»»sns. tute* 

UT»»Etft-©«*.K*B», ttSatS©*£«jWJi^ 
&n«tt££tt. ^D-fe-»^i£§ltT^a^t hPD 

[0 0 3 6] a^JBCJcDWIBt^tUStttSiHi 
50 b. HI^CTlltWU •A\ZMZ.\iWW&%i\Z 

-Kl»»t'ft!:fcKJ:Da*AthPD I £®%\ZttgD$. 

Vs*<. 09^.«TSK-gel PheDyl-5PWS*tt*5A OKV— 
S) ra^ni, d©*^am^.k hPD I ttKC 1 

^m^fmmm (ph s.o> *o.85m*»s omssse7> 

t-^A'NCitSMSS^EICiDgfflSn^S ($4 
0) . SDSiH»B»«r (SS5B) 3S>6aiftAbhP 
<W Dili i|i?j55kDa ©iH^aS^L, *fcX^9>^H 
0 ^ U7— eA©fl«|jS©gSS:}igt LT^fif 
SCtCiO, SSnfcfflftAkhPDIBPDIStt 

s-boctfcaiganfc (^©*JS09#fia) . 

[0 0 3 7] *RWJWfcfcJ:9T*ftStt*WM.kh 
PDItt. 35«fflOthPDIiJt«H/TN5(!j|7Sy 
KA^ Aspd^Gly lC5^3tlfc'fe©T*ofe. «t>T. 
*SW»4 491ffl©75 J &fr 6«aE5flS^ 3 1^**1 

£ Gly 1 Leo" 1 ©75 JWEMfr*>to&Zft 

-sa^At hPD I Srt>»«-r*. 
50 [0 0 3 8] *a^Pl8Ea, t HPD 
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(6) 




[oo39] ww&&#*> <o&mmmtsf?tti&y*m& i*i©h s a *#*tt* t. STcaasfcT-m^kh-cm 

^tt. EV»fc#»STOfr*Wr»ntt. H-yyA± -/\'>FibTjESfcHSA#?tE-©£»£^T© 



Snfe^^-SMEflrfl^S/^AjKa*. ynh^9X JO SHSAjmt. »TrtS>X*7-r F«*jWra6*fc» 

tlC±oT*JS$n^S. TT©SDS§g.*I&Tte:. HSA»f WSCDPD I 

[0 0 4 0] Bi^*afeTI'±t>T3-H3nS#U^ cDNA5*»SS*TV^^S!«ffi^e#fciffljartH 

7? Ft*. *B»»ShfcPDI©tt«fW! (VStfU' SAtt»tJtttUT±0*t*-3&n>HiUT*ffla 

t^H+os'x*7-f.l*l»&©»*, X»£j£<SS£ffi tis !:£*»&. pd i ttHSASHFrtojEafc^xjp? 

itf-5) *ttttttCft*3ftSfc«C. ^©ffiifWCv <r H»^©»*&fflJIU, J:DSS^WlrHS A^©K 

XJl^ Ffe££^frfc©Tfcntffcf»J&*Sgi©#'J *«jg»fSS«S)LT^St«ll£3n*. C©rtlcj; 

^?H"C*9*C%±K SSfc. '*SMHtt. *iS5!S 9t. ?S»Eft«»«l9oHS A©fflJfirtT© 

SnfcPDI«ft©$&**i®£?fe§L jRU^^H© # •7aT7—V\z£Z>$m&£r)4>fl< KZlttb 

#3ft, *niC«kDM8«fc^ttat«*-f-5«fc5fc$ [0 0 4 8] St, PD I $«»S*tfc*^Wtft 

£tCt>®ffl£n?>. #S8W©£ftffi«K:<fcD, fcfEWtt V>WCOH I S 2 3**«Bfcrt©HS A©mRNA#fc 

^^K^Jfcae^tUTt hJfil«7JVyS> (HSA) a£Northero:/ay hfte^DfctfcTfci, PDIJtg 

sa-F-rsae^saft-rs.- T-*»s*-a-&«-&»cH$A©mRNAa* j aiDbTw 

[0041] *^ffl*«t>. r^u^^Hj uzmm s. cocta. pd i*«a*HSA»^c.«sauTw 

». a«fto««A^Hacn:aaK«atfca:«a spiiefefc*ftT^<, HSAae?©c^v^;ncfca 

[0042] ^fcisituxtt. ttma&£© #^©^ff>jaes^-r*«Bsart^ic«<t hjfa»7 

JSC&«K. BS, »»«BB«:£©SSfflfi*<*lf 6tl .3(7 ;^5>©U-^-E?iJ©)«-&fcJ:oTt hPD 

s. tstc 8iR^fff j ?>yn-fe-»i/sr^uTfi£^#u afc»*a*&#»an&c:fciHs A©»»a*«aio 

<, 4*ICBS*l»*UV>. lc43UTHSAi:*#b. St^HS AlC^ffiLfcCtAt 

[0 0 4 3] *JMtt2&IC. ±e»afi*#l*rC. t HSA®*£W^*«±#£ttfc±SH'Cft«&#*.fc 

hPDiae^tiso^u^^Hsa-H-ri^^a ae»*tio*»fiT*?.j:^ic*As. a&ic, his2 

e^t&^Ras-e-TK^u^y^Htra^a*, atf 3ftit)»»snfcHSAtPD i©s£*st, pd 

fija*fess«i"s. snsthPD i i/^t>a^ct*>6. x&hsa© 

[0 0 4 4] #389i©£i6l8«fc«kD, k FPD I 831 in vitro T©g«afc:fe^Taaaaa&3Kr©K:feg 

nfc»srtTHSAat^PD i*tta©*«+T*»a nTv>-5fc©.>:«££an*. ;:©;:£*>*&. pdi*s 

A©^as.att¥^T«6 o%mtaLft msm . as. 

10 0 4 5] gacflssn&ofc 9ra&<,>a«. [0049] j:©«t^ic, HSA©fltPDi©*«s 

fciSHSAaaaoaafcHUTIMTFOJ^K**. CJ:t>T*©»»aoJtft«»»3W»6n. *©a&#tP 

en*, d 1 a*a»H s A©a**a»«c«v»Tv>5 ^rtnt*» 

[0 0 4 6] HSAIi 1 7ffl©vXJU7w Flt£S8 HV>r i*>6, J:0-«WK. 5?^7W H*S^©»« 

©s«t«*aic*v»Tfl^a»«a©PD 1 ©s^Ect aaconTtH-iBBrtTPD 1 saaeasass 

0. *««*M»it*«fiilSn«Ct«i»5hTH 50 tt*JIfclc±DPIW©#»a©»ili»**«Ht*T**i 



awatBanxv**. sDsaa&aai:*;). tea 
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[0 0 5 0] KTO»W:±0, S6IC*»M*K9B 
[0 0 5 1] 

yam 

h hPD I (protein disulphide isotperase)cDNA(7)ff D 

tHffBAgtllcDNA7-f^7U- (ClontechiD ttlOO. 
000 0.2X©VJVh—X££tfLBiS* (IX If? 

A^hhU^h>> IX NaClfccfctf 0.5%<-7hX^ 

500^1 dtlfc 1M MgCW 5 Ml £itl*-37C 

T10# MiOifrr * ^(h(tJ:077 - 5? fc&Sfe£ 
cn*S0nlfl!)LB±)i*^*» (LBigJS, 10m 
M MgCli*«fctf 0.7%7#n-X) iCiKJAS£^ 23cm 
' X23ci^V— h*OLB*^*«±«C*V^fc, ±B*^ 

fc. #6tlfc7r— ^&7-f J^— (Hybond-N, Amersh 
am#) 1C»U 7;V*U»* (0.5N NaOH *5£tf0.15M 20 
NaCl) ICSL&3MM ttft (Whatman it) ±K, 7r-y 
©tt»Bfc±fcfflttTl»m««N BUT+Sl** [in 
Tris-HCl (pH7. 5) *5£tfl.5M NaCl ] fcBLfcPMtLL 

l:i»WSv^. 2t>\zyj)l?-& 2xssc ®Wt (20 

XSSC =3M NaCl ££1/ 0.3M^X>KH^ h U ^A) 

T«a*, mam, uvm&Z2ftmft5zt\z&r)y 7 

-vDNA5:7^J^-l:@SU:. £5bT#«E>nfc 
7^;^-.fcfflV5T«T©*JBIC«oTkhPDI cDNACO 

[0 0 5 2] !/D-:/lCti th^DU>4-*8ftB 50 
m (PD I £R|— ^>/t£K) cDNA CPihlaj aoiemi, T. 
et al. (1987) EMBO J. , _6, 643 ] CD 243#@fr*> 2 

-DNA (5' -TGGCGTCCACCTTGGCCAACCTGATCTCGGAACCT 
TCTGC-3' ) £, g®jDNA'&J5£« (Applied Biosyste 
mstt ; E7 f Jl'380B) £«fc D^Abfe^CD^AV^. 
[0 0 5 3] #«DNA (20pmoles) * 50mM Tris-HCl 
(PH7.5) ; lOmM MgCU , Si^MI — 10 
0 jiCi [r- 32 P] ATP (—3000Ci/mmol, Amersham 

ig®&) £^trt§ft50/xl +T37t:6Q»IHKlBS**5: 

M^l/A^U^^a^fJ t5Xx>/Vl^ 
h»«(100X7 ; >A;Vb»SK=2%»>^jfiifll7J^5 

>, 2 400**^2 x#utr=;n;DU h 

» , 1M NaCl , 50mM Tris-HCl (pH 7.5), lOmM EDTA 
(PH8.0) , 0.1XHx^;Hf;U3x>K^r*U!>A*± 

l//W^U^1f-^3>»«fcl9lV cpm/inl<Z>±iag 50 
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«DNA*frty»KD *H37 , C15^Sb^o ^©7^ 
2 XSSC «*Sffl^TaflT?JSt»U, ££lC2 
XSSC, 0.1 % KxvJHfJU 3 h U SAiSffc 
T42 < C30»rp1tt#bfeax«l7^^A(XAR-5, Kodak 

tt) ic-sor-c-^g^^^^o 7^;PA<oa»ois 

:ti^Ov £f ^/McttiW K * * 7 r - $> £±S2 
^l/-h*6^«frtUT«0*0 lml(DSM$ffii& 
[lOOmM NaCl, lOmM MgCli . 50mM Tris-HCl (pH7. 5) 

;b«fctfo.oixi?79 t >] kbu 4x:*v-imm-?z>z. 
zntz 8 a© 1 *x*u -~>^Btt7 7 

frT 2 U -->>7*?T'DltmW: 1 o©**nwt^ 
D-><hLT3$ofco Z<D?U->\Z-3^TZt>\Z3fr 
X * U > y fcff ^JttW-OWt* P->tLT 
#BUfc, 

[0 0 5 4] #6nfc»tt^n->0)7T-5^MlA £Le 
der [Leder.P., Tiemeir.D. A Enqoist L. (1 

977) Science _196, 175 ] K^DBBbfc. 
7r-vDNAO 1/5S&J8SS [lOOmM Tris-HCl (pH7. 
5) , lOOmM NaCl, 6mM MgCli , 6mM 
/— ;k O.IX-K^X 20Mg/mlU#^^P7-if 
A&£V2m&<D EcoRI ] 50^1 

i ^^fflfl:^, o.8%7#n-xy;VTm&» 
ftftffo&tH*, H©Btt*n->jWftl50 bptfH >U- 
-hDNA&ttfCt^oL 99WZ4r- (Ge 
ne Clean", Bio-101 *t) fcffiV>T-f bDNA* 
-ISSIUfc, miRbfcDNA»rH-^20ngt EcoRIT 
iBfcbfcpUC19 ^^^-»100 ng££DNA5-fy— > 
a>*yh (SSiilt) A?0t2O^l , BWL4 u\ cDjg-& 
«*T16t:i5I«IBS«*1i-*^tlwJ;»)HDNA*a» 
S-&fcfi»^L^X5HS#fc. ZltiDElKKlOtfl *m 
^TMandelfe [Mandel.M. & Higa, A. (1970) J.Mol.Bio 
1. 53. 154 ] KJ:D*B«TGl*fe*»TC*l/*:. 
»6nfc*JME»#*25M g/il7>K^U >^tiL 
BiSift 100mn?37lC-tt»*U, 7**UMtt [Birn 
boim.H.C.& Doly J. (1979) Nucleic Acids Res._7, 15 
13] 1:^0^7X5 HDNA$:OTIL Z.O?v7s* 
HDNA10/Ag*««[100Bll Tris-HCl (pH7. 5), lOOmM 
NaCl, 6mM MgCU, 6mM ^;U*^hX*y-Jk 0.1% 
My^y&kTS 100m&<D EcoRI (-y*>i?-> 

a) ] 200 mi +T37t; i &mmt&* 7x/-;va 

ffl, x^y-MMtff^liU 0.8%7^n-xy 
n*AHeMf?fc. «150bp hDNA^^^ 

[0 0 5 5] t hPDl cDNA©^^tf^D->$#^ 
&«e>Tt hffFBKAgtllcDNA^-r^^U- (Clon 
techtt) ^50,000^D->^ckt;bhteaAgtllcDNA7 



( 

13 

(Hit) W50,000^D->lz^UTtDX^ l J 

IB150bp thPDI cDNAWfr*5100 ng* [a- 3l P] dCTP 
(>400Ci/mmoU Amershan ft) £<fct/~y£ h7>Xl/ 

>»«fcf!llO» cpm/ml<&±SEg»DNA£^tti§&) * 10 
fc6<rCl5»flBiIl/fc. u07^M-§ 2XSSC 
ffltiT*a-C*»U aSfc 0.5XSSC , 0.1«hry 

X«7-f^A OAR-5, Kodaktt) fc-80CT-lMEI|ES 

-J:0 6ft tefi cDNA5-f^U-J:0 5«IOHHt 

7»J-<fc0 4ft cDNA^-f^^U-ctD 3fiC0 
^ft^n->^m«L^. #£*lfc7^C0£D->O E # 
coRH>U— hDNA»rfr&Maii:^«^a^oT 
y^X^ K^^-pUC19 CDEcoRI WSL\t^9U—> 

JftHSffdELfc. IHi cDNA<04O^«tt; 

tefi cDNAO2^#I^fct-;t-7yyi/T*0, 
^, -eo^^0ffffla*3feO^n->lO(pHPDI16) £ 
»»6*cD^D->l^(pHPDIp4) <D2z>-CBWt'$-2> 
fcbPDI cDNACD£;B£;&A— LTV>SIl£#, 
#n->£PihlajanieiDi 6©^n— >OIWiaB*»BI© 
tt**6*«*hfc. M^D->tC^ViT M13 SEQUENC 50 
1NG KIT (JK^iSftttt) , N13 Sequeocing Kit (SSfi 
tt) *J:tfailDNA->-*X>*- (370A, Applied 
BiosystemstD KiDDNAtaSEaiSftfiLfc. Pihl 
a j ao iemi £ (Of-^ <h<&it&lCcfc 0 P# n- >tt^*24 
54««»*»&jS*fchPDI cDNA£3-HrSJlt3^W6 
frtftofc (E3*J#*tl) . 

[0 0 5 6] fc hPD I gggSa^ZZg E<P<tlg 
±IS0thPDI cDNA$r3-H-r^2t50)^D— >pHPDIl 
6 :fc£tfpKPDIp4 ^txhfcLTfcihPD I ©BStitt 

a; b^<J:i/c) c 

[0 0 5 7] 7^*y**tfelC«fcDii»l/fcpHPDI16 DN 
A ft) 1 /ig^% [lOmM Tris-HCl(pH7.5K lOOmM NaC 
1, 6mM MgCls , 6nM 7hJL* J -to* 0.1%if 

5^>> 10¥ffi© EcoRI t-/^>f/->tt) ^cfctflO 

¥&oPsti (Htt) ] 20ui 4>T3rc i ttmflMbft. o. 

8X7^P-xyjPTSft*»«:ffV^ PD1 cDNAO 5*g<}fl 
EcoRIrt* SPs t lSB#<Z>#J490bp ©S^fODNAlfM ^ 
9X/1->^-lCJ:0»«-«»Ufc. pHPDIp4 DNA 
»1 Mg£®i£ [KM Tris-HCi(pH7.5), lOOnflfNaCl. 6 Si 
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x lomecDPsti (x*#>y->tt) fc^tfiomfttf) 

BamHI (Htt) ] 20m 1 +T371C 1 KMSflS«kH«fcl, 
TPDI cDNAO 3' MMPstIft>&. BamHlSB^CDftl. 3kb <D 
g$ODNA»rfr^»l8-«HUfc. 5L0,fc5fcLTB 
«UfcPSDNA»rM-*n**l»50ng*±tf EcoRI:fc<fct; 
BamHI -flfMbU ^ttKLfc^XS F^*-pUC119 
DNA»20ng^Sfi®aODN AM^-ya h A 
&25m1 ££tfBi£5tfl ♦•C161C15ttlBElBaii-S2: 

* 0*»BM V1190t*3 >fcfx> h-fc^fc^St 

&&Lfco *Jiffite> i£g90niiD<Z)X-Gal (50m 
g/Bl 5-^D^-4 — f >Hy*-fl- 

-D-^fl^hb^/vF, 25/ig/ml7>lfvU 
>, LBi&JfrfccfctJ K2:V>fc. 3rCT-% 

Lfc. #^>n^^X^H$ phPDIEBi*#»fc. 
[0 0 5 8] phPDIEBfcfctlCLT* Kuokelj* [Kunkel, 
T.A. (1985) Proc.Nati.Acad.Sci.USA.82, 488 ] \Z& 
0> cDNA±tf)PD I ->^;VBS^JtPD I 
0«#a»lCMR»*NaeI«WfiBtt&*Al/fc- PhPDIE 
B DNA €fflViT*;^>^Aftfc±D*B«BW313 

h!^>h*fe;i/^^@fe^bfco »6nfc»H«ft#o» 
nnn-^ 150m g/ml©7>br->'J>££if 2 x YT 
^Jft (1. 6X/t^ h b U y h 0. 5% NaCl *3<k IX 

ofc. ^O^^lml^ 150Mg/ / nlO7>tf>'U>€r 
^tT2 X YTigJfeSOmlKg^l^CT?^ ^tC^Ufc. 
®S (ODeoo ) Hfi 0.mm~mi>fztZ.?>T M13K07 7 
7-v^m.o.i.=2 SarHD*37 , C30»M»«U«JftS 

>^UDA37 < C20«f^^S^^fTO^ *S»Sai?» 
«^^W-»&nfc±»^l/5 §CO 2.5M NaCU 20%^U 
X?l/>^U3-JW#6000»«ft*l*!l*l/fc««iT 

TEg»JS [lOmM Tris-ECl , lnM EDTA (pH8.0)] tcS 

l/10ec!)3MBK^hU^A*J:tf 2. 5£(PX*y-;l/ 
^JllAa^-80 , CT30»M#gb3S^IBICJ: 0 DN 
A&ttlRtUTEICUfc. rn«r70%X^7-;UTtt^ 
L«£E«;«« 100m I OTE3g«ffiJCg«Ufeo £A±0 
^rSTWHUfcdU*$trphPDIEB S5fe(D-*@DNA 
^ffi ViTJRTO^JHT g » fc -T^^SIP^NaelSWia)* 
A*fft>&. «WXH^«*U^*l/*f H(5' -C 
GGGGGCGCCGGCGCGC-3' , SSiitt) ] 10pmol£*Sfc [10 
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OmM Tris-HCl(pH8.0) , lOmM MgCU , 7mMi^*X U 
-f h-jV, ImM ATP *±rftO*tt©T4#U5(^lx* 
^F*?— £ (^fSSft) ] 10m 1 *T37 , C15#Pifl&£ 

«7<rcio#ininia utt 4 # u x » i/*?* K**- * « 

&fcmttz 9 ±IBphPDIEB Et3*£>-#ISDNA 0.2pmol 
&£Tflu\ 07r-iJ>y«BS (Site-directed mu 
tagenesissystem Mutan 1 "-!, SfiJStt) (CttMc&ft! 
A^»§S&10m1 iU -^CD^^CD 1 At 1 t±EU> 

*u esci&a, 37t:i55wiwHa, 25 tii (D&mmmwt w 

<±E Mutan"-K, l^tD 60*fio*HHDNAU jtf- 
•B(Hutan»-K. Htt) *5«M*1 JWSM>T4 DNAtfU* 
^—fe?(MntaD"-K, Hit) £10*25^ 2PSWfi^S'tt* 

0.2M EDTA(pH8.0) 65t:T 5»BlPfi1"*C:t 

lCJ:0«ll*^J**<flfcS*fc. ^e>tlfcDNAg^3 
Ml £30m1 <Z>*»MBMH71-18autS3>hrx>Hi;W^ 
■*U Sk*30», 42r45»S&fc*iM»miMlU 

fc. £tur 300m1 a>socfcife (2*wfmj:/F 

X 0.5^-^bX^Xh7^K lOmM NaCK 2.5 # 
mU KCU lOmM MgSO* , lOmM MgCli^cfc^OmM^a 
—X) £iD*.37 < ClP#ffl&SL&. £&£10m1 OM13K 
077r-i>fclni*37t:T30#|fl]»IMk 150 m g./mlO 

7 > if -> U > £ J; 70 u g /m i <z># i-v <i*s y tr 2 

XYTi&Jfelml^iDA* 37"C20l$|iaS*Lfc. 
JttK*3<b£MIU ±fS20/xl fcHttU *H1SMV 
1190««^80m1 37*C10#|9MjniB«, 150 m 

g/ml^r>t:^U >ft«tfLB:/W-FK£#37t:T 

NaelSMfci*A:/5X a F*«»"T -6 fcO£M13 SEQUENCI 30 
NG KIT (3tffft£*t) £EV>fcDNAfiSE*J#SrlC«fc 
DHjeUfc. £07^X5 F£phPDINae££ttfrfc. 
[0 0 5 9] 7;W*y*«ttT«MlU»:phPDINae DNA 2* 
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*MgS«* [10dM Tris-HCl (pH8.0), 20eM NaCI. 7idM 
MgCU , 7#ftCDNaeI (Xy#>>?->tt) *5<tm0¥ 
ftCOHind III (Sfiifitt) ] 30^1 *T37t4RBIiBft; 

DNA9rM-*^7X/^^-lr«fcD»BI-SStUfc. h 

«©KVi3 F>lc£D:3-FTaDNASrK-££n-> 
fctfc^X* FpUC119Sig ©*«*KTO¥IH-Cff o 
fc (SI HA) . 

[0 0 6 0] 77X^F^**-pUC119 DNA lMg£i§ 
ffitlOOmM Tris • HC1 (pH7.5), lOmM MgCii ,50mM NaCI 
*3±tfl2|MBr© EcoRI (Xy#>i?->tt) ] 20m 1 * 
T37<C 1 WIMMbLfcflfc, 7WC 5»»MIUT**** 
ig^iirfco *fc«a*38al^<k^/t^5 t U77^*U 
**X7T*-*l»tt C^^tD £iJD*T37'Cll§ 

X^y— ^tWRfcffl^DNAfelHlJRbfc. C0DNA 
fc, 

5 ' -AATTCTCGAG 
GAGCTCTTAA- 5 ' 

[66mM Tris • HC 1 (pH 7.5) , 6.6inM MgCh > lOmM 
yftXl^-f I — ;k O.ljnM ATP :fc«fctf 300mfiOT4 
DNAU3J--K (£ig£tt) ] 30m 1 *TlfiT:-*«ft 
Lfc. ££>jg?j£l0Ml ^ffi^T^SJM107 «3>t! 

^>hir;w$^;^>^A^trt¥v^Mte«U 50Mg/ 

mI07>'tfvU> : &^trLB^U-Mc^€37 < C-5*« 

ffll>T^XSFDNAfcP8U «IEBMS#*T£fT5 
ZLttCcfcD BWt-T^XhoIU >#-J&*pUC119 EcoRIg?fi 

icjf A^n^y^xs HDNA^a«*#ufc. 

[0 0 6 1] «T©EHfct>tM««©*y:*S*l/* 



L 6' - TCGAGAATTCATGAAGTGGGTTACCTTCATCTCTTTGTTGTT-3 ' , 

2. 5' - AACAAGAACAACAAAGAGATGAAGGTAACCCACTTCATGAATTC-3 ' 

3. 5' - CTTGTTCTCTTCTGCTTACTCTAGAGGTGTTTTCAGAAGGCCTG-3 ' 

4. 5' - GATCCAGGCCTTCTGAAAACACCTCTAGAGTAAGCAGAAGAG-3 ' 



£§1!jDNA'&/£« (Applied Biosystemstt, ^^1/38 
OB) &fflV>T£j«Lfc. ^ne>^^^j30 pmol Sr. Jgft 
[50bH Tris -HCl(pH7.6), lOmM MgCU , 5mM^^ 40 
h-;U 0.2mM ATP &tX6*a(DT4 #UX^W 
*^H*^— tf (3ii&&) ] 25m 1 *T3rci^WS 

U^^U*?H&*tr***fi"tf (K- 100m1 ) 100 
< C©*»lC5»BBk«L&«aaT*»L,7x-U >^ 
Srfrofc. CtllC 600^fiCDT4 "DNAU*— ^ (^*S 

ita) ^jto^i6 , CT-^«iaL, 7^yy>hraos«e 



[0 0 6 2] ±i6(DXlioIU>^-^AL^^^-y 
7X5 H 1 m g [lOOmM Tris • HCI (pH7. 5) , 10m 
M MgCh , lOOmM NaCI, lO^fiO BamHI t^»- 
>tt) *±rft2»ttOXhoI (SSiiit) ] 20m 1 +T37 

*JB*6X^y-^tt*K:<tDDNA*l30Lfc. ^CO 
DNAfc±a04^0tU^> U*? F <fc 0 

^6nfc-*«DNA7^^>h^;^gffi [66mM 
Tris-HCl (pH7. 5 ) . 6.6nM MgCl: , 10nM^*XU^ 
h— ;k O.lmM ATP &&Zf 300#&<DT4 DNAUtf- 
if (S^jgtt) ] 30m 1 +T16 , C-»«»bfc. 

moMi S:ffiViT^ffi^JMio7 *a>tr^>>-fe;i/^ 

*;^^AftlcaVi»JtC«U 50Mg/mlO7>bfv 
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U>*#tfLB:/U-h±IC£*3rc-*«fiLfc. ft 

d N A oSSBEWSftrSfr 5 £ t lei 0 s « tr 
A?5X5FfctO»Il^tt*a*Lfc. £©75X 
5 Hft pUCU9Sigi*Wtfc. 
[0 0 6 3] ±K<0^jeTf£SUfc:/7XS H pUC119S 
ig DNA*7^*U«BttT?BI«Lfc. £CDDNA2Mg 
[10nM Tris-HCl(pH8.0h lOOmM NaCK 7nM MgCl 
2 , 8¥tt©Stul (x ?4*>i?— >4t) *<tino»tt© 
Hind III (SiKStt) ] +T37t:4RHIiHfl:a 0.8%7 2(7 
#D-X^«»*»fc#«\ ft3.2kb (OgSODNA 

Tfte>nfcphPDINae**01. 7kb DNA. WHr»50ngipUCl 
19 Sig**GD3.2kb DNA Kfr»50iig££jgj6ifc5-r 
->3>*y hAflBOjil B*6m1 *-C16lC30»raS« 
10 Ml *«^T*;P^«>Attk:J;D*»««cHB101 
3>t!7 u >h^;W GHBStt) ^RSftl, 50m 1 / 

h £371C-«fe#irr* -(hicJ;D ft StlfcrJ DX- 
fct^T, 7**UIBIISMWWX3 FDNA£ 20 

M7J^a ><O^V^DE?TF»»Cfc hPD I 
»«L/fc»(0 (JB2BD «M.:/5X5F«MiURft 
Lfc. CO^X5F&)liPDILylt 
[0 0 6 4] H±©J:5fcLTft6n&U-y-E3?Uac 

acaiPD i &»#7;v3-;wxt: Hny^-if i ae^- 

J: D k h PD I «i^7X5 HMJBbfc. 7JW&U* 
SSlr^DPKUfciffil phPDILyl DNA 7 mI 

[lOOmM Tris -HC1 (pE8.0) * lOOmM NaCK 7mM MgClz 30 
%>&TMm$LV> EcoRI fcLy#>5>->tt) ] 100m I 
^-C37t:2RfKffi{ka, |«©7xy-^/^ODW 

ASK W7x;-;^^pd«a^^u 

7x/-*/*on*JWA»IHftlKBU ftSfttoMB 
iCl/lO^OSMg^S^HJ^AfoHS.S) 2.5*§CD 
X*/-;i,£inA*l'&U -40^2l$|«»®Lfco 

U50m1 CDK)enow|g3r$& (Kilo-Sequence ^Deletion E 
it, CffllFU 4mtt<OKlenow fragment ig 40 

DEcoRI ffl»ffl#0¥»fcfcfTofc. £G>?g*K:oV>T 

2isi07xy-;i'/^DD^jVAaffi^fi : ^i\ ft&n 

fc*JB!Cl/10*O3MBFK^hU»>A (pH5.3 ) fc^tf 

fc. BOK«kDft6n>ttt«fc70XX^y-^Ttt»ft 
»EE«»U 50/il 0)Klenow««* (Kilo-Sequence ffl 
Deletion Kit,£fifitfc) K*#U 4lfi© Kleoo* f 
ragmen* (SSJBtt) «n*.37T:45#IBJEJ&S1« C t 



»B¥6--3 8 7.7 1 

25 

*>nit*mzino&o3Mmij-bv&jx (phs.3) s 
±tf 2.5$cDx^y-;vsjra^ig'&u -40Ci»B» 
gtfc. a&ic<tD»snfcttiR*70Xx^y-;uTi!is 

S>ft*BEtt*U «*[10mM Tris • HC1 (pH8.0K 60mM 
NaCK 7mM HgClt *J:mo*ttOBanHI(Xy#>y-> 
ft) ] 40m1 fc**L37T:3»IBR*Stt&. ft6*lfc 

dna&»& o.8^7^D-xy;i/*a*»^^ & 

1.8kb ©DNA(ffrtif?^!>ir-T»i • 

fc. 7Jl/*USS«T15KL£pJDB-ADH-HSA-A 

(#H¥2-117384#4i» DNA5m1 £J8i£ [lOmM Tris 
HCKpH 8.0), lOOmM NaC1.7mM MgCla *3<fc 1*24^(4 ©Xh 
ol (SfSiStt) ] IOOmI +T37t: 2V$mm{ms 7i 

l/10*©3M»*i-hU^A(pH5.3) *3£tf 2.5$©X 
*>-;UMn*.»fcU -40*0 2«|ffl»a8Ba*frfc<kD 
it«£LTDNA ^(ElWLfco ilCODNA tt»£70%X*/ 
-A'TttfrftfcffiftfcU 50m 1 CDKlenowg«}S (Kilo 
-Sequence Deletion Kit. ^iiiStfc) fc»*U 44MB: 
<0 Klenow fragment (^iSfiifc) £iD*.3rC45#KEJfc 
S**^tlcJ:Dlhoi«IIW»o!)3|t»fl:*fro&. -cd 

ften^:^lCVlO^03M»K±hU^A (pH 

5.3) ^<tr; 2,5«©x^y-^sinA.BftU -40t: 

l^TOIg> a-&fc*Ott«tbTI»IA*H«Lfc. 
ft^tlfcDNA ^70X Xir/-^Tft»W«Eft«U » 
«[ [IOdN Tris -HCl(pH8.0), 60mM NaC1.7mM HgCli ^ 
,J:momfeCDBamHI(X^#>>?->tfc) ] 40m 1 fc«J&> 
37t:75»jyHBfl:l/fc. eicOg»cJC10Ml O 2M Tris 

• hci(ph8.o), hom i (Dmmfc&zzs m&oxmm 

C75 *a*7JP*U7*X7r*-1f (SWBtt) «:SD 
Aig^L, 60TC lWPfl3traaT5ra:lcJ;0»IR«Wrffl<3[) 
5' KU>K<tE*ftff^fc. ft6*lfc»«fcl/10«fl!) 
3MSfS± h U ^ A (PH5. 3) &&Zf 2. 5$OX^ y 

mzm&u -4or mrMiL a-b^otwi: 

UTDNA £@iRL«JE«;»&20Ml ©TEfc*»L 0.8% 
7«u-xy;i/«»«cft«C*^tfc. JS8kb <DDNA »rH*^ 
^7X/^»>^-ftffl^TIaIiRbfc. «±0<t-5lcbTft 
6nfcphPDILylft*(01.8kb DNA »rM-*550ng^i;t^)JDB 
-ADH-HSA-A6*(7)8kbDNA»r>t*550ng$SSigtfcDNA ^-f 
y—>3>+^ hA»30Ml • BJS 6m 1 tfi^U 16 
t 2.5WrmjE«S-&HDNA ^ate^-frfeo fte>nfcDNA 

smoMi &ffl^T*;u>->Affifc<kr)*Hac6oo»$ 

^HgaU, 50m1 /Mi07>br>-U>^trLByu 
^T7;^USBffitC«fcDP r 7X5 HDNA ^gSSSb- ffi 

pdi *aisL&^9x5H««»'r*»fnKi*#*«R 
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HhPDILyl£*ttttfco c: 

[0 0 6 5] thPDI ^S^»ffl©3>hD-;i/ 

HfiUfcpJDB-ADH-HSA-A DNA 5m 1 [10mM Tris- 

HCMOOmM NaCl, 7mM MgCh . 24l£tt©XhoI (StiBS 
tt) *3,fctf29¥(fc© BamHI (Xy#>v->tt) ] 100 
Ml *T37t: 2WHHSK« 7x/-;P/^DDWA 
fflfflS: 2@fTV>»&nfc*»Cl/10«©3M»K±hU»> 
A(pH5.3) fccfctf 2.53g©X*y-jI,£ftI*.ig£U - 10 
40X:2»M»««i'&IC±DDIIA £fct«£UT[§iRl> 
fc. £©DNA £70%X^/-;l/T2fc#«, KEE&ftU 
50m1 C9KlenowiH#r?& (Kilo-Sequence Deletion Kit, 
SSJStt) fCg&U 4 3M£© Kienow fragment (£jg 
ftlBI«.T37 , C45»|RIE**'a:*^tK:J:OXhol* 
<fctfBamHI ««R«»©¥iBfc*ffofc. H©*«fcTH> 

*UCl/10SO3Mft»^hU^A(pH S^fcitf 2.5§ 

©x* y -;H£JD*8fc u -40*C l RniMUBtolc 

8kb cddna mttifrwzf-xmmsit. &*>mt 

DNA Rfr»50ng££fi£ifcDNA >B>*y h© 

Am0ti\ , B^6m1 fcH#U 161C-«feEJ&£li\ 

T*KM 101*3 >hT^>h-fe;i/ (£S£&) fcftJUi' 
SAfcKcfcBJBHlKSiU 50m1 /ml©7>fc^>U>£ 
^mB:/V-hfc£#37t:-!ftJgi6Lfc. ^snfcnn 

[0 0 6 6] b hppi <pmm\z£z>?zm 

±E©^«T*lflLfcfc: HPDI ^^7^^ HpAHhPDIL 

[0 0 6 7] YPD^lz-h (2%WhUb>. l*-f 
-XhX^7h7^K 2%^H->«*J;tf 1.5X»3Q 
±T«*Lfc»«AH22»©*3 0=-* 5ml ©YP Dig 
ft (2XM# h^;/h>, U-f-Xhx+xh7?hiJ; 40 

2x^h^» tr»au3o f C24^rp^sa««L^ z 

OfftteZm 0.9ml«:45inlOYPDiSiaiCgaU30 , CTS 
OD600 (aft) 0.5}C^Lfc^C15T 

£ 3ml© 0.2MLiSCN«r®ab> -£©5^© lml^rSWZ 
jW*ttS£LT«#£©!RL&. dOS^tC46Ml ©50 
% PEG#4000. 10m 1 ©LiSCN *J:tf7^*U*BttT 
PSLfcpAHhPDlLyl DHA&K10 m 1 (DNA27 m 1 #) Sftl 



tUTBJRLfc. £©^#£100m1 ©s£m*TS« 
U SD (-Leo) 7l/-h [SD(-Leu)»« (0.67%A'*h 
- hny>^-x, 2%:/F£«u 20mg/l Wr-X 

fc>, i^ft^X 30mg/l CO?Dy>, I^VP 
-f I'JyX 50mg/l 07x-^77X>, 100m 
g /l 07X/^7^>S> n$OWS>». 150mg /l 
©/tUX 200mg/l OXl/t-^J;^ 375mg/l © 

•tu> (&±oT*;m*ftmmw > i.sx 

fcJBSteftttfc 5ml ©SD Hen) igJfetC&«b30'C 2 0 
mfiBeSLfc. £©f5ig«i£ 100m 1 * 5ml©YPD 

«%tc^@b30t:24^wm^^*Lfco senfc««ffi 

1.5ml&S^»tC^lt±fll 500m1 *H«U £ttfc 

t»tbTH*L«BEtt»l/3t. #£ttfci£«£l0Ml 
©SDS-PAGEfflU->^;U8«f»c (125DM Tris-HCI (pH6.8) 

• 4xsds , 2oxyy-t»jx lox/j-^Mj^hx* 
y— ^**tfo.oix^n^7xy-*^-) ics* 

U 5^n«a«SDS-PAG 71/- MO/20 (JB-ft^M 
A) fcT«j8t*«l*ffo&, H©y^€»fe« (0.15% 
^vWJU7>h^K l0%ft*i5,fctf40X^^ 
s-M KfelS (io%^K*5<tiMo%y^y 

;VtbT±IBpAH ^ffl«^i:tT±^©pAHhPDILyliro 

(»^FM94.000) % »>>'jfiliB7J^5> (67,000) , * 
*7;P^^> (43,000) , *-#Xy^7>hK^-if 

(30,000) , h u ^ v w > h t:*- (20,000) ^5 

«tya-7^h7^5> (14,000) tffl^fc (13 
0) . #^S»55K ©58S*ftftffl-r21t* 

oewt-rstihPDi ^«a»»ufct>©t)B4*sti 
z. t « s w t UTaT©¥ir«di««*ff o fc. 

[0 0 6 8] pAHhPDILyl€«»1-*S*AH22*©#3 
nx-^80ml©SD Heu) 3(TC 2BRS 

gi&HUfep ff6n&W*«**80mlT^4l©YPD - 
U>K*» (YPDS*, 6g/l ©Nai HPOi i5 
ck^3g/l OKH2 PO4, pH7.0) \Z&mb, 30*02 

±»*H«baT©»*5HMfc©«Ulfcffl^&. 
[0 0 6 9] 

»aW>6©a»jLb NPD I ©JWHfc*-©»tt<K 
±E©±5fcLT#6nfc»KC«»**««i64l 

5U#7-5U^>E^»xaS (»»»^S30,00 
0) *«V», 40fS8^^frofc(100ml) TSK-gel Phe 
nyl-5PW®6^te*7AJC^D, thPDI ftMLfc. 
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i**tt*7Att0.85Mlft*, 0.05% NaNs S^trtOniM* 
^K-10mM KCl$®«tpH 8. OTTtBflsLfc 1 

ml/min T££o £CDe*££4Hfc:^-r. ^5 0C 
te, *Ht**lfckhPD I ©SDS«ftflc»Hft^T, 

iCcfcoTt NPD I »Sff*-©riE»fc:*T»JBatl, 
*0, PD I Stt*«»bTViSC:t*t?86**l*feo 
&. YPD«»^ft*TS»nS»iRiftHtt, 
•7h^7>f -ic t£ tofcraw i < ^*-c€ * z 

[0 0 7 0] PDIfcttOiMfc 

p D 1 «H£aM&li. Stc • Xtt ■ WMsfc 

[0 0 7 1] X^7>^HRNase A <Dm& : 120mgOR 
Nase A £ 6M ^ 7 X 0.15MyftXW H 

;i/&-&fa3nil©0.mhU^«Ka*iSpH8.6 fcSjRLfc 
ft, SfciUrFT. 15PSWa«TKcftffofc. ilTC^I 
£0.01N HC1 T^fc3#fcir:77?y*XG-25;fr^A 

(15mm </)X 38cm) T3t7c30£|$SL*:. COKJfitttey 

*£2mApH£9.0 K'&l*. S - S«-&<0£ftRj&£Wr 
Bf, 4t:T14HHM5&:fottfc. d©K»*-80'CT«# 

[0 0 7 2] PDIIStt©»^:S*Mft&lSUfc55iDM 
iJ>IHi (PH 7.5) 20mHC, 10m 1 01115^**1/ 

20m 1 CO»*tt»t*iffc55mMU>K«*aE(pH 
7.5) 420^1 lCSPA.30 < CT5»*tta'r^. zmte±E 
X^7>^HRNase JS8E50m1 £lJD;L30 < C, 15#¥£ 
CwT* 1. 945ml <DRabfc50mMhUXS[ 
& 5mM JttfrTif*^*, 25niN&fc;*MJ'>A£^frg 
«i£pH7.5 50 /il O-f-XbRNA&ifc (lOmMMJ 
TsmMmffimm. 5/lmM EDTA, 280nmfl!>»3fcK80K&S cfc 

Onm V<DW&tB.ifi&tt t \stii\,*Z.t*nm\sT&<. 
tXW h-^SaSLfcX^^>^;VH RNase Atem* 

e» 5 mi sto, rn€:ir^*©**i^if^dte», 0.2 

»*fc2»B260nB T?©BaKK*»l*. PDIfi§ttfi26 
Onm T©^£fl^Offlaa>6#ae>nS. 
[0 0 7 3] h hPD I FpAHbPDILyllCi; 

I S 2 3ttCTflM5» 
b hPD 1^7X5 FpAHhPDILyl£/8l>T, JEJTF© 
«ElC^HSA££SP#HIS2 3fc [ftli¥2-57 
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885 */«XW»**11351 * (FERM P-113 
8) ] 

[0 0 7 4] YPD^I/-b (2X/^bhU^h>, 
UWh-f-XhX^h7^K 2%:/FS«fc<fc 
»1.5X«» ±Tig£LfcHSAS£31BH$HI S2 3 
ft©iti--:3 0X---£5mlOYPDJgifi (2X7t£hMJ 

*) CMU 3 0tT2 4*Wfffl«tLfc. 
£&lml£5 0mlOYPDJgife»;:&gft3 OtTfiaig 

su od 6 oo mm tfi o.5U&\zmLittz?>-cm 

4 6 ul ©5 0*#'JX^V>^U3]-;V#4000, 1 0 
Ml OLi SCNfcil^l'rtUJSSj* [Birnboim, H. 
C. & Doly, J. (1979) Nucleic AcidsRes . _7, 151 
3.]TBI»U&t FPD IRS^XSFpAHhPDILyl DN 
mmi0v\ (DNA*520Mg») SJOAEIyy 
-f>yiC«fcDS£U 3 OtT-MLL cinJCl 
mlO«B*£5taAB»ft* S<k#Wc£01i#£aJK£ 
UTEHKL&. d©g#£10 0Ml ©«B*T!K« 
^ U SD (-Hi s, -Leu) :/!/— h [SD (-H 
Is, -Leu) Si (0.67X/tir 
X, 2X^H!)i, 2 0mg/l ©7r-X 
/l\ BbU^h7rX H7;M=x>, ^*^*x;>\ 
3 Omg/1 (DfDvX ^VD<y>, HUy>\ 5 
0mg/l 07iXiP77->> 10 0mg/I 07X/^7 
*>K> ^;l^>K>' 15 0mg/l 0/tU>, 2 0 
0mg/l OhV^>^«tr;3 7 5mg/l 0-fcU> (« 

^] ±K££3 O^TiSSLfco ««5HBT^U-h 
30 ±K3D=-fcLT»*«ft#«»fc. 

[0 0 7 5] «&n^»K61fe# (pAHhPDILyl/EIS23) 
fc^ViraTO^JBfci 0 P D I co^SSrSl^fc. CO 
R3>hn-;^HibT» pAHhPDILyl*>e>PDIcDNA IB 
tt&m*tz=} > h D-Jl^X 3 Hp AH&fflV^T#6 
nfc^gfea#(pAH/HIS23) $r«T«ffi Lfc. h 
±CD3nn-$:5mlCDSD (-H is, -Leu) Sft 
llSaU3 0 < CT2BBMSS«L^:. 
0 0 Ml £5mlOYPDi&J&K:8II«3 0132 4^BS 

Jtffl5 0 0 Mi ^@«L, tnfc*«©x*y-;u*jp 

a^^*«t i rh»hl^i. cncx^iiic^it 

OmI OSDS-PAGEfflit>y;l/S»»t [62.5mMT 
ris-HCI(pH6.8), 2%SDS, , 5%^-^;i/*^hX 

^y-;k o.oo5%^p : E^xy-;p^>i^-^<tt;2 o 

X^JtU>] 5»W»gSDS-PAG 
4/2 0-1010 (»-flS^aS»«ciC^ltK) T 

m^i*®j=&fTofc. *i&^oy;v^^fe^ (o.i5%^v 
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J-M T£fe&. flftfifc (1 0^ifS^4 0^^ 
9J-M fc«L*iS*©55a»»fcta»ftUfc. H 
#^§g*S tUT7*X7*U7- tfb (#^S 
94,000$Ol'h><fc* ^^Jb«l7;W$> (67,000) , :* 
#7*75 > (43,000) , *-#Zyj^7>kH7-f 
(30,000) , *HhU^>-f >tH*- (20,000) * 
«fctf h7;vy^> (14,000) (216 

0) . pAHhPDILyllCJ:oT^!HE»UfcBe 
H I S 2 3«tT, #^fi»55,000*OUh><Z)PD I 

[0 0 7 6] bbPDIOHS A»8j»»fcjfrrsa»R 
±S0D»SIC^^^>HS A^WPD I <0#58S*£ffl 
V>T* k hPD I OHSA^S^tc^r^S^aT 

to 0 7 7] 3>hn— jlo^XS FpAHfccfctft: h 
PD I ^7X5 HpAHhPDILyl^n-enJCtoT^g 
gSLfcBf H I S2 3«, IP^pAH/HI S 2 3ft 
:|5<i;t;pAHhPDILyl/BlS23 ttOffl^Lfen an- 5 

5mIOSD (-Hi s, -Leu) igifciCftS 

0u\ $-en-?n 5 ml OYPD^{C»aL 3 0t:T 2 

SIC* 0 S D S - P AG Effi®Kft&HKL S D S - P 
AGEfcfTftofc (SS7H) . »6n&y;P€ffl^T. 
^HSAMI^T>yh^-^ (IMAGE ANALYS 
IS SYSTEM > x73«c^ttSD TfcSftU PD I CO 
ft»aJCJ:*HSAO56a»»*<0*fl:*W^fc (318 
BD . PAH/H I S 2 3*TTO0.93w/ 



24 



1 ££pAHbPDiLyl/HlS23 *THC<l.S0w/l ©HS 
AS»»l/TfeD, B8HI S2 38ci::£tt£b:hPD 
I<D#8£fc«E?>> HSA(D»»ll4¥ftT»6 0XO 

[00 7 8] 

\Z&r> % t hPD I 0*a^ft©*a&ffl»T*£L 
i0 fcfcCDT**. iiniCcfcO, nco^&te, s-s«e^co 

[0 0 7 9] 
E33f#*l : 1 

EffitDWm : cDNA to mRNA 

jgJH: t hfff»XttS&«Agt 11 cDNA^-Y^'J- (CI 
ontechtt) 



EM 

GAATTCCGGG GGCGACGAGA GAAGCGCCCC GCCTGATCCG TGTCCGAC ATG CTG CGC 57 

Mel Leu Arg 
-15 

CGC GCT CTG CTG TGC CTG GCC GTG GCC GCC CTG GTG CGC GCC GAC GCC 105 
Arg Ala Leu Leu Cys Leu Ala Val Ala Ala Leu Val Arg Ala Asp Ala 

-10 -5 1 

CCC GAG GAG GAG GAC CAC GTC CTG GTG CTG CGG AAA AGC AAC TTC GCG 153 
Pro Glu Glu Glu Asp His Val Leu Val Leu Arg Lys Ser Asn Pfae Ala 

5 10 15 

GAG GCG CTG GCG GCC CAC AAG TAC CTG CTG GTG GAG TTC TAT GCC CCT 201 
Glu Ala Leu Ala Ala His Lys Tyr Leu Leu Val Glu Phe Tyr Ala Pro 

20 25 30 

TGG TGT GGC CAC TGC AAG GCT CTG GCC CCT GAG TAT GCC AAA GCC GCT 249 
Trp Cys Gly His Cys Lys Ala Leu Ala Pro Glu Tyr Ala Lys Ala Ala 
35 40 45 50 

GGG AAG CTG AAG GCA GAA GGT TCC GAG ATC AGG TTG GCC AAG GTG GAC 297 
Gly Lys Leu Lys Ala Glu Gly Ser Glu He Arg Leu Ala Lys Val Asp 

55 60 65 

GCC ACG GAG GAG TCT GAC CTG GCC CAG CAG TAC GGC GTG CGC GGC TAT 345 
Ala Thr Glu Glu Ser Asp Leu Ala Gin Gin Tyr Gly Val Arg Gly Tyr 
70 75 80 
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25 26 
CCC ACC ATC AAG TTC TTC AGG AAT GGA GAC ACG GCT TCC CCC AAG GAA 393 
Pro Thr He Lys Phe Phe Arg Asn Gly Asp Thr Ala Ser Pro Lys Glu 

85 90 95 

TAT ACA GCT GGC AGA GAG GCT GAT GAC ATC GTG AAC TGG CTG AAG AAG 441 
Tyr Thr Ala Gly Arg Glu Ala Asp Asp He Val Asn Trp Leu Lys Lys 

100 105 HO 

CGC ACG GGC CCG GCT GCC ACC ACC CTG CCT GAC GGC GCA GCT GCA GAG 489 
Arg Thr Gly Pro Ala Ala Thr Thr Leu Pro Asp Gly Ala Ala Ala Glu 
115 120 125 130 

TCC TTG GTG GAG TCC AGC GAG GTG GCT GTC ATC GGC TTC TTC AAG GAC 537 
Ser Leu Val Glu Ser Ser Glu Val Ala Val He Gly Phe Phe Lys Asp 

135 140 145 

GTG GAG TCG GAC TCT GCC AAG CAG m TTG CAG GCA GCA GAG GCC ATC 585 
Val Glu Ser Asp Ser Ala Lys Gin Phe Leu Gin Ala Ala Glu Ala He 

150 155 160 

GAT GAC ATA CCA TTT GGG ATC ACT TCC AAC AGT GAC GTG TTC TCC AAA 633 
Asp Asp lie Pro Phe Gly He Thr Ser Asn Ser Asp Val Phe Ser Lys 

165 170 175 

TAC CAG CTC GAC AAA GAT GGG GTT GTC CTC TTT AAG AAG TTT GAT GAA 681 
Tyr Gin Leu Asp Lys Asp Gly Val Val Leu Phe Lys Lys Phe Asp Glu 

180 185 190 

GGC CGG AAC AAC TTT GAA GGG GAG GTC ACC AAG GAG AAC CTG CTG GAC 729 
Gly Arg Asn Asn Phe Glu Gly Glu Val Thr Lys Glu Asn Leu Leu Asp 
195 200 205 210 

TTT ATC AAA CAC AAC CAG CTG CCC CTT GTC ATC GAG TTC ACC GAG CAG 777 
Phe He Lys His Asn Gin Leu Pro Leu Val He. Glu Phe Thr Glu Gin 

215 220 225 

ACA GCC CCG AAG ATT TTT GGA GGT GAA ATC AAG ACT CAC ATC CTG CTG 825 
Thr Ala Pro Lys He Phe Gly Gly Glu He Lys Thr His He Leu Leu 

230 235 240 

TTC TTG CCC AAG AGT GTG TCT GAC TAT GAC GGC AAA CTG AGC AAC TTC 873 
Phe Leu Pro Lys Ser Val Ser Asp Tyr Asp Gly Lys Leu Ser Asn Pbe 

245 250 255 

AAA ACA GCA GCC GAG AGC TTC AAG GGC AAG ATC CTG TTC ATC TTC ATC 921 
Lys Thr Ala Ala Glu Ser Phe Lys Gly Lys He Leu Phe He Phe He 

260 265 270 

GAC AGC GAC CAC ACC GAC AAC CAG CGC ATC CTC GAG TTC TTT GGC CTG 969 
Asp Ser Asp His Thr Asp Asn Gin Arg He Leu Glu Phe Phe Gly Leu 
275 280 285 290 

AAG AAG GAA GAG TGC CCG GCC GTG CGC CTC ATC ACC CTG GAG GAG GAG 1017 
Lys Lys Glu Glu Cys Pro Ala Val Arg Leu He Thr Leu Glu Glu Glu 

295 300 305 

ATG ACC AAG TAC AAG CCC GAA TCG GAG GAG CTG ACG GCA GAG AGG ATC 1065 
Met Thr Lys Tyr Lys Pro Glu Ser Glu Glu Leu Thr Ala Glu Arg He 

310 315 320 

ACA GAG TTC TGC CAC CGC TTC CTG GAG GGC AAA ATC AAG CCC CAC CTG 1113 
Thr Glu Phe Cys His Arg Phe Leu Glu Gly Lys He Lys Pro His Leu 

325 330 335 

ATG AGC CAG GAG CTG CCG GAG GAC TGG GAC AAG CAG CCT GTC AAG GTG 1161 
Met Ser Gin Glu Leu Pro Glu Asp Trp Asp Lys Gin Pro Val Lys Val 
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&?J#*f : 2 
&FJcDg£ : 1545 



27 # 

340 345 350 

CTT GTT GGG AAG AAC TTT GAA GAC GTG GCT TTT GAT GAG AAA AAA AAC 
Leu Val Gly Lys Asn Phe Glu Asp Va! Ala Phe Asp Glu Lys Lys Asn 
355 360 365 370 

GTC TH GTG GAG TTC TAT GCC CCA TGG TGT GGT CAC TGC AAA CAG TTG 
Val Phe Val Glu Phe Tyr Ala Pro Trp Cys Gly His Cys Lys Gin Leu 

375 380 385 

GCT CCC ATT TGG GAT AAA CTG GGA GAG ACG TAC AAG GAC CAT GAG AAC 
Ala Pro He Trp Asp Lys Leu Gly Glu Thr Tyr Lys Asp His Glu Asn 

390 395 400 

ATC GTC ATC GCC AAG ATG GAC TCG ACT GCC AAC GAG GTG GAG GCC GTC 
He Val lie Ala Lys Met Asp Ser Thr Ala Asn Glu Val Glu Ala Val 

405 410 415 

AAA GTG CAC AGC TTC CCC ACA CTC AAG TTC TTT CCT GCC AGT GCC GAC 
Lys Val His Ser Phe Pro Thr Leu Lys Phe Phe Pro Ala Ser Ala Asp 

420 425 430 

AGG ACG GTC ATT GAT TAC AAC GGG GAA CGC ACG CTG GAT GGT TTT AAG 
Arg Thr Val He Asp Tyr Asn Gly Glu Arg Thr Leu Asp Gly Phe Lys 
435 440 445 450 

AAA TTC CTG GAG AGC GGT GGC CAG GAT GGG GCA GGG GAT GAT GAC GAT 
Lys Phe Leu Glu Ser Gly Gly Gin Asp Gly Ala Gly Asp Asp Asp Asp 

455 460 465 

CTC GAG GAC CTG GAA GAA GCA GAG GAG CCA GAC ATG GAG GAA GAC GAT 
Leu Glu Asp Leu Glu Glu Ala Glu Glu Pro Asp Met Glu Glu Asp Asp 

470 475 480 

GAT CAG AAA GCT GTG AAA GAT GAA CTG TAA TACGCAAAGC CAGACCCGGG 
Asp Gin Lys Ala Val Lys Asp Glu Leu * 

485 490 
CGCTGCCGAG ACCCCTCGGG GGCTGCACAC CCAGCAGCAG CGCACGCCTC CGAAGCCTGC 
GGCCTCGCTT GAAGGAGGGC GTCGCCGGAA ACCCAGGGAA CCTCTCTGAA GTGACACCTC 
ACCCCTACAC ACCGTCCGTT CACCCCCGTC TCTTCCTTCT GCTTTTCGGT TTTTGGAAAG 
GGATCCATCT CCAGGCAGCC CACCCTGGTG GGGCTTGTTT CCTGAAACCA TGATGTACTT 
TTTCATACAT GAGTCTGTCC AGAGTGCTTG CTACCGTGTT CGGAGTCTCG CTGCCTCCCT 
CCCGCGGGAG GTTTCTCCTC TTTTTGAAAA TTCCGTCTGT GGGATTTTTA GACATTTTTC 
GACATCAGGG TATTTGTTCC ACCTTGGCCA GGCCTCCTCG GAGAAGCTTG TCCCCCGTGT 
GGGAGGGACG GAGCCGGACT GGACATGGTC ACTCAGTACC GCCTGCAGTG TCGCCATGAC 
TGATCATGGC TCTTGCATTT TTGGGTAAAT GGAGACTTCC GGATCCTGTC AGGGTGTCCC 
CCATGCCTGG AAGAGGAGCT GGTGGCTGCC AGCCCTGGGG CCCGGCACAG GCCTGGGCCT 
TCCCCTTCCC TCAAGCCAGG GCTCCTCCTC CTGTCGTGGG CTCATTGTGA CCACTGGCCT 
CTCTACAGCA CGGCCTGTGG CCTGTTCAAG GCAGAACCAC GACCCTTGAC TCCCGGGTGG 
GGAGGTGGCC AAGGATGCTG GAGCTGAATC AGACGCTGAC AGTTCTTCAG GCATTTCTAT 
TTCACAATCG AATTGAACAC ATTGGCCAAA TAAAGTTGAA ATTTTACCCA CCCAAAAAAA 
AAAAAAAAAA CCCGAATTC 
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ATG AAG TGG GTT ACC TTC ATC TCT TTG TTG 
Met Lys Trp Val Thr Phe He Ser Leu Leu 
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29 3a 
TIC TTG TTC TCT TCT GCT TAC TCT AGA GGT GTT TTC AGA AGG GGC GCC 78 
Phe Leu Phe Ser Ser Ala Tyr Ser Arg Gly Val Phe Arg Arg Gly Ala 

-10 -5 1 

CCC GAG GAG GAG GAC CAC GTC CTG GTG CTG CGG AAA AGC AAC TTC GCG 126 
Pro Glu Glu Glu Asp His Val Leu Val Leu Arg Lys Ser Asn Phe Ala 

5 10 15 

GAG GCG CTG GCG GCC CAC AAG TAC CTG CTG GTG GAG TTC TAT GCC CCT 174 
Glu Ala Leu Ala Ala His Lys Tyr Leu Leu Val Glu Phe Tyr Ala Pro 

20 25 30 

TGG TGT GGC CAC TGC AAG GCT CTG GCC CCT GAG TAT GCC AAA GCC GCT 222 
Trp Cys Gly His Cys Lys Ala Leu Ala Pro Glu Tyr Ala Lys Ala Ala 
35 40 45 50 

GGG AAG CTG AAG GCA GAA GGT TCC GAG ATC AGG TTG GCC AAG GTG GAC 270 
Gly Lys Leu Lys Ala Glu Gly Ser Glu He Arg Leu Ala Lys Val Asp 

55 60 65 

GCC ACG GAG GAG TCT GAC CTG GCC CAG CAG TAC GGC GTG CGC GGC TAT 318 
Ala Thr Glu Glu Ser Asp Leu Ala Gin Gin Tyr Gly Val Arg Gly Tyr 

70 75 80 

CCC ACC ATC AAG TTC TTC AGG AAT GGA GAC ACG GCT TCC CCC AAG GAA 366 
Pro Thr He Lys Phe Phe Arg Asn Gly Asp Thr Ala Ser Pro Lys Glu 

85 90 95 

TAT ACA GCT GGC AGA GAG GCT GAT GAC ATC GTG AAC TGG CTG AAG AAG 414 
Tyr Thr Ala Gly Arg Glu Ala Asp Asp He Val Asn Trp Leu Lys Lys 

100 105 110 

CGC ACG GGC CCG GCT GCC ACC ACC CTG CCT GAC GGC GCA GCT GCA GAG 462 
Arg Thr Gly Pro Ala Ala Thr Thr Leu Pro Asp Gly Ala Ala Ala Glu 
115 120 125 130 

TCC TTG GTG GAG TCC AGC GAG GTG GCT GTC ATC GGC TTC TTC AAG GAC 510 
Ser Leu Val Glu Ser Ser Glu Val Ala Val He Gly Phe Phe Lys Asp 

135 140 145 

GTG GAG TCG GAC TCT GCC AAG CAG TTT TTG CAG GCA GCA GAG GCC ATC 558 
Val Glu Ser Asp Ser Ala Lys Gin Phe Leu Gin Ala Ala Glu Ala He 

150 155 160 

GAT GAC ATA CCA TTT GGG ATC ACT TCC AAC AGT GAC GTG TTC TCC AAA 606 
Asp Asp He Pro Phe Gly lie Thr Ser Asn Ser Asp Val Phe Ser Lys 

165 170 175 

TAC CAG CTC GAC AAA GAT GGG GTT GTC CTC TTT AAG AAG TTT GAT GAA 654 
Tyr Gin Leu Asp Lys Asp Gly Val Val Leu Phe Lys Lys Phe Asp Glu 

180 185 190 

GGC CGG AAC AAC TTT GAA GGG GAG GTC ACC AAG GAG AAC CTG CTG GAC 702 
Gly Arg Asn Asn Phe Glu Gly Glu Val Thr Lys Glu Asn Leu Leu Asp 
195 200 205 210 

TTT ATC AAA CAC AAC CAG CTG CCC CTT GTC ATC GAG TTC ACC GAG CAG 750 
Phe He Lys His Asn Gin Leu Pro Leu Val lie Glu Phe Thr Glu Gin 

215 220 225 

ACA GCC CCG AAG ATT TTT GGA GGT GAA ATC AAG ACT CAC ATC CTG CTG 798 
Thr Ala Pro Lys He Phe Gly Gly Glu He Lys Thr His He Leu Leo 

230 235 240 

TTC TTG CCC AAG AGT GTG TCT GAC TAT GAC GGC AAA CTG AGC AAC TTC 846 
Phe Leu Pro Lys Ser Val Ser Asp Try Asp Gly Lys Leu Ser Asn Phe 
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31 32 
245 250 255 

AAA ACA GCA GCC GAG AGC TTC AAG GGC AAG ATC CTG TTC ATC TTC ATC 894 
Lys Thr Ala Ala Glu Ser Phe Lys Gly Lys lie Leu Phe lie Phe lie 

260 265 270 

GAC AGC GAC CAC ACC GAC AAC CAG CGC ATC CTC GAG TTC TTT GGC CTG 942 
Asp Ser Asp His Thr Asp Asn Gin Arg He Leu Glu Phe Phe Gly Leu 
275 280 285 290 

AAG AAG GAA GAG TGC CCG GCC GTG CGC CTC ATC ACC CTG GAG GAG GAG 990 
Lys Lys Glu Glu Cys Pro Ala Yal Arg Leu He Thr Leu Glu Glu Glu 

295 300 305 

ATG ACC AAG TAC AAG CCC GAA TCG GAG GAG CTG ACG GCA GAG AGG ATC 1038 
Met Thr Lys Tyr Lys Pro Glu Ser Glu Glu Leu Thr Ala Glu Arg He 

310 315 320 

ACA GAG TTC TGC CAC CGC TTC CTG GAG GGC AAA ATC AAG CCC CAC CTG 1086 
Thr Glu Phe Cys His Arg Phe Leu Glu Gly Lys lie Lys Pro His Leu 

325 330 335 

ATG AGC CAG GAG CTG CCG GAG GAC TGG GAC AAG CAG CCT GTC AAG GTG 1134 
Net Ser Glu Glu Leu Pro Glu Asp Trp Asp Lys Glu Pro Yal Lys Yal 

340 345 350 

CTT GTT GGG AAG AAC TTT GAA GAC GTG GCT TTT GAT GAG AAA AAA AAC 1182 
Leu Val Gly Lys Asn Phe Glu Asp Yal Ala Phe Asp Glu Lys Lys Asn 
355 360 365 370 

GTC TTT GTG GAG TTC TAT GCC CCA TGG TGT GGT CAC TGC AAA CAG TTG 1230 
Val Phe Val Glu Phe Tyr Ala Pro Trp Cys Gly His Cys Lys Gin Leu 

375 380 385 

GCT CCC ATT TGG GAT AAA CTG GGA GAG ACG TAC AAG GAC CAT GAG AAC 1278 
Ala Pro He Trp Asp Lys Leu Gly Glu Thr Tyr Lys Asp His Glu Asn 

390 395 400 

ATC GTC ATC GCC AAG ATG GAC TCG ACT GCC AAC GAG GTG GAG GCC GTC 1326 
He Val He Ala Lys Met Asp Ser Thr Ala Asn Glu Val Glu Ala Yal 

405 410 415 

AAA GTG CAC AGC TTC CCC ACA CTC AAG TTC TTT CCT GCC AGT GCC GAC 1374 
Lys Val His Ser Phe Pro Thr Leu Lys Phe Phe Pro Ala Ser Ala Asp 

420 425 430 

AGG ACG GTC ATT GAT TAC AAC GGG GAA CGC ACG CTG GAT GGT TTT AAG 1422 
Arg Thr Val He Asp Tyr Asn Gly Glu Arg Thr Leu Asp Gly Phe Lys 
435 440 445 450 

AAA TTC CTG GAG AGC GGT GGC CAG GAT GGG GCA GGG GAT GAT GAC GAT 1470 
Lys Phe Leu Glu Ser Gly Gly Gin Asp Gly Ala Gly Asp Asp Asp Asp 

455 460 465 

CTC GAG GAC CTG GAA GAA GCA GAG GAG CCA GAC ATG GAG GAA GAC GAT 1518 
Leu Glu Asp Leu Glu Glu Ala Glu Glu Pro Asp Met Glu Glu Asp Asp 

470 475 480 

GAT CAG AAA GCT GTG AAA GAT GAA CTG 1545 
Asp Gin Lys Ala Val Lys Asp Glu Leu 
485 490 

mm^: 3 h#Ds^-:a«R 
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33 34, 
Gly Ala Pro Glu Glu Glu Asp His Vai Leu Yal Leu Arg Lys Ser Asn 

1 5 10 15 

Ptae Ala Glu Ala Leu Ala Ala His Lys Tyr Leu Leu Val Glu Phe Tyr 

20 25 30 

Ala Pro Trp Cys Gly His Cys Lys Ala Leu Ala Pro Glu Tyr Ala Lys 

35 40 45 

Ala Ala Gly Lys Leu Lys Ala Glu Gly Ser Glu He Arg Leu Ala Lys 

50 55 60 

Val Asp Ala Thr Glu Glu Ser Asp Leu Ala Gin Glu Tyr Gly Val Arg 
65 70 75 80 

Gly Tyr Pro Thr He Lys Phe Phe Arg Asn Giy Asp Thr Ala Ser Pro 

85 90 95 

Lys Glu Tyr Thr Ala Gly Arg Glu Ala Asp Asp He Val Asn Trp Leu 

100 105 110 

Lys Lys Arg Thr Gly Pro Ala Ala Thr Thr Leu Pro Asp Gly Ala Ala 

115 120 125 

Ala Glu Ser Leu Val Glu Ser Ser Glu Val Ala Val He Gly Phe Phe 

130 135 140 

Lys Asp Val Glu Ser Asp Ser Ala Lys Gin Phe Leu Glu Ala Ala Glu 
145 150 155 160 

Ala He Asp Asp He Pro Phe Gly He Thr Ser Asd Ser Asp Val Phe 

165 170 175 

Ser Lys Tyr Gin Leu Asp Lys Asp Gly Val Val Leu Phe Lys Lys Phe 

180 185 190 

Asp Glu Gly Arg Asn Asn Phe Glu Gly Glu Val Thr Lys Glu Asn Leu 

195 200 205 

Leu Asp Phe He Lys His Aso Gin Leu Pro Leu Val He Glu Phe Tbr 

210 215 220 

Glu Gin Thr Ala Pro Lys He Phe Gly Gly Glu He Lys Thr His He 
225 230 235 240 

Leu Leu Phe Leu Pro Lys Ser Val Ser Asp Tyr Asp Gly Lys Leu Ser 

245 250 255 

Asn Phe Lys Thr Ala Ala Glu Ser Phe Lys Gly Lys He Leu Phe He 

260 265 270 

Phe He Asp Ser Asp His Thr Asp Asn Gin Arg He Leu Glu Phe Phe 

275 280 285 

Gly Leu Lys Lys Glu Glu Cys Pro Ala Val Arg Leu He Thr Leu Glu 

290 295 300 

Glu Glu Met Thr Lys Tyr Lys Pro Glu Ser Glu Glu Leu Thr Ala Glu 
305 310 315 320 

Arg He Thr Glu Phe Cys His Arg Phe Leu Glu Gly Lys He Lys Pro 

325 330 335 

His Leu Met Ser Gin Glu Leu Pro Glu Asp Trp Asp Lys Gin Pro Val 

340 345 350 

Lys Val Leu Val Gly Lys Asn Phe Glu Asp Val Ala Phe Asp Glu Lys 

355 360 365 

Lys Asn Val Phe Val Glu Phe Tyr Ala Pro Trp Cys Gly His Cys Lys 

370 375 380 

Gin Leu Ala Pro He Trp Asp Lys Leu Gly Glu Thr Tyr Lys Asp His 
385 390 395 400 
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35 36' 
Glu Asn lie Val He Ala Lys Met Asp Ser Thr Ala Asn Glu Val Glu 

405 410 415 

Ala Val Lys Val His Ser Phe Pro Thr Leu Lys Phe Phe Pro Ala Ser 

420 425 430 

Ala Asp Arg Thr Val He Asp Tyr Asn Gly Glu Arg Thr Leu Asp Gly 

435 440 445 

Phe Lys Lys Phe Leu Glu Ser Gly Gly Gin Asp Gly Ala Gly Asp Asp 

450 455 460 

Asp Asp Leu Glu Asp Leu Glu Glu Ala Glu Glu Pro Asp Met Glu Glu 
465 470 475 480 

Asp Asp Asp Gin Lys Ala Val Lys Asp Glu Leu 
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